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JUCT PETUCTPAIIMU UBSMEHEHUI
K pado4eil mporpaMMe IMCUMILNINHBI (MOIYJIs1)

ConpoTuB/IeHHe MAaTepPHAJIOB

Ne i/ OcHoBanue
o BHECEHHSI Pazpen/ mynkr Coaep:xaHue H3MeHeHUsI
H3MeHEeHUs
1.
2.
4.




1. HEJIX OCBOEHUSA JUCIHUTIINHBI

1.1|13y4enne ocHOB TeopuH AeHOPMUPOBAHKS U METOJOB pacuyeTa KOHCTPYKIMI Ha IIPOYHOCTh, KECTKOCTh M YCTOHYMBOCTE C

obecreueHHeM HaIe)KHOCTH U SKOHOMUYHOCTH; OCBOCHHE METOIOB HCCIICJOBAHMS MEXaHHYECKOTO COMPOTHUBIICHHS
MaTepHaoB.

2. MECTO JUCHUIIIMHBI B CTPYKTYPE OOII

Huxn (pazgen) OOIT:

b1.0.3

2.1|TpeOoBaHus Kk npeJBapuTeIbHOI OATOTOBKE 00y4aloLIerocs:

2.1.1|B51.0.2.03. Beicuias MaTeMaTHKa

2.1.2151.0.3.02. Teoperuyeckas MEXaHUKA

2.2 | AMcuUIUIMHBI 4 TPAKTHKH, JUIS1 KOTOPBIX 0CBOCHHE TAHHOM THCHMILUINHBI (MOIYJIs1) HEO0X0AMMO KaK

npeaumecrBylouiee:

2.2.1|b1.B.1.08. YupaBienue puckamMu, CACTEMHBIN aHAIN3 U MOJICTUPOBAaHNE

2.2.21B1.B.1.06. Hamzop 1 KOHTpOJIb B chepe 6e30MacHOCTH

2.2.3|b51.B.1./1B.03.01. OcHOBBI celficMUYECKOH 3alUTHI 31aHUI U COOPY>KEHUH

2.2.4|b51.B.1.]1B.08.01. MH>KeHEPHO-TEXHUUECKUE COOPYKEHUS

3. KOMIIETEHIIUH OBYYAIOINEI'OCA, ®OPMHUPYEMBIE B PE3YJIBTATE OCBOEHMA JUCHUIIIMHBI

(MOAY.JIsI)

OIIK-1: Cnoco0eH y4uTHIBATH COBpeMEHHbIE TeHAeHIUH PAa3BUTHS TEXHUKH U TEXHOJIOTHIl B 001acTH TexHochepHOit
0e30IaCHOCTH, H3MEPHUTEJbHOH M BRIYMCINTENbHON TeXHUKH, MH(POPMAaIIMOHHBIX TEXHOJOTHIi PH pellieHMH THIOBBIX 3a1a4 B
o6J1acTi npodeccuoHAIbHOI AesITeJILHOCTH, CBA3aHHOI ¢ 3aIIIMTOI OKpY:Kalolleii cpeabl U odecrnieyeHueM 0€30MaACHOCTH

YyeJI0BeKa;
3HaTh:

VYpoBeHb | |- OCHOBBI TEXHUKHU M TEXHOJIOTHH 3aIUTHI YEIOBEKa, IPUPOTHON Cpejibl U TEXHOC(EpHOi 6e30macHOCTH;

- OCHOBHBIC ITPUHIIHIIBI TPOBEICHHS H3MEPEHHI U PACUCTOB KOJMYCCTBEHHBIX U KAYECTBEHHBIX TAPaMETPOB
OKpY’KaroIIel cpejibl, a TAK)KE METO/IbI TPaMUECKOro MPEICTABICHUS PE3yIbTATOB C HCIIOIb30BAHHEM COBPEMEHHBIX
TEXHUYECKUX CPE/ICTB
VYposens 2
VYposens 3
YMmerh:

YpoBeHb | |- BBIABIIATH COBpEMEHHbIE TEHICHIINH PAa3BUTUS TEXHUKU U TEXHOJIOTHI B 001acTH TeXHOC(HEpHOI 6e30macHOCTH,
N3MEPUTEIILHON U BEIYUCIUTEIBHON TeXHUKU, HHPOPMALMOHHBIX TEXHOJIOTHI B 00JIACTH 3aIUTHI OKPYXKAIOIIeH cpeabl
u obOecrnieueHrueM 0e30IaCHOCTH YEIOBEKa;

- POBOJIUTH PACUYETHI MPOIIECCOB U AIMAPATOB C UCIIOIb30BAHUEM IKCIICPUMEHTATBHBIX M CIIPABOYHBIX JAHHBIX;

YposeHns 2

VYposens 3

Baagers:

VYposenb | |- METOZaMU MaTEMaTHYCCKUX, XAMHYECKHX, TEXHOJOTMYECKUX PACUCTOB MPOIECCOB U alMapaToB; METOAUKAaMH BbIOOpa
arnmaparoB U3 YKCiIa CTAHAAPTHBIX C YUETOM COBPEMEHHBIX TCHICHIIMN Pa3BUTHS TEXHHKH U TEXHOJIOTHI B 00J1aCTH
oOecrieyeHns1 TeXHOCEpHOit 6€30MaCHOCTH, M3MEPHUTEILHON M BHIUUCIUTEIBHOM TEXHUKH, HHPOPMAITHOHHBIX
TEXHOJIOTHI B CBOCH MpOoQeCcCHOHANTBHON JeATSILHOCTH.
- METOJIOJIOTUEH MOJTY4YEeHUS U 00pabOTKH Pe3ysIbTaTOB B 00JIACTH TEXHOC(EPHOI O€30MaCHOCTH, MHKEHEPHO! 3aIUThI
Ha XUMHWYCCKUX l'lpOI/I?)BO}ICTBaX C MIOMOLIBIO H3MCpHTCJ’[bHOI>’I n BBI‘{I/ICHI/ITCHBHOI‘/II TCXHHKH, a TAKXKC COBpCMCHHbIX
UH(OPMALMOHHBIX TEXHOJIOTHI

Yposens 2

Yposens 3

B pe3yabTaTe 0CBOCHUSI TUCHUITIIMHbI 06y'—lalOI].[HﬁCfl JOJI2KEH

3.1|3naTb:

3.1.1|OcHOBHBIE THIIOTE3BI K MPUHOUIIBI MEXaHUKU MAaTEPUAJIOB: JONYIICHUS CIIJIOIMHOCTU, OJHOPOAHOCTH, U30TPOITHOCTH

MaTepHala, u1eallbHOI YIPyrocTH, a TaKXKe FMIIOTe3y IJIOCKUX cedeHui (runoresy bepHym).

3.1.2|ITonsTus HaHpS[)KeHHO-Z[e(?pOpMI/IpOBaHHOI‘O COCTOSAHUA: CYIITHOCTh HOPMAJIBHBIX U KaCaTCJIbHBIX HaprI)I(eHPII;‘I, JINHEHHBIX U

YIJIOBBEIX AeopMalni, a Takke 3aKoH ['yka B pa3nuyHbIX Gopmax.

3.1.3|T'eomeTpuueckre XapakKTePUCTUKH CEUEHHUH: (GU3NIECKHI CMBICIT M METObI BEIYMCICHHS CTATHYECKUX MOMEHTOB, OCEBBIX,

TNOJIPHBIX U I_[eHTp06e)KHI>IX MOMECHTOB MHCPIHH, 4 TAKIKC IMOJIOKCHUC I'NTABHBIX HEHTPAJIbHBIX OCeH.




3.1.4|OcHoBHbIE BUIBI TehopMannii CTEPIKHEI: TEOPETHUYECKHE OCHOBBI ICHTPAILHOTO PACTSHKEHHS M CKATHS, KPYUSHHUS, IPSIMOTO
YHCTOTr'O U MONEPEYHOro u3ruoda.
3.1.5|CnoxHoe conpoTHBIIEHHE ¥ TEOPHH POYHOCTH: OCOOEHHOCTH KOCOTO U3rH0a, BHEIIEHTPEHHOTO PaCTsHKECHUS -CoKATHS,
COBMECTHOTO JIeiicTBHA M3riuba U KpyUYeHUs], a TAKKe KPUTEPHHU NIPEIETbHBIX COCTOSIHUM (TEOPUH IPOYHOCTH).
3.1.6| YcToitunBOCTh U AMHAMUKY: OCHOBBI YCTOWYMBOCTH CXKATBIX CTEP)KHEH (MOHATHE KPUTHYECKOI CHIIbI, THOKOCTH, (OpMYILy
Diinepa) ¥ AJIEMEHTHI pacyeTa KOHCTPYKIUI Ha THHAMAYECKOE JICHCTBHE HArPy30K.
3.2|Ymers:
3.2.1|CTpouThb 3IOpBI BHYTPEHHUX CHIIOBBIX (PAKTOPOB: aHATMTHYECKU M TpadUUeCKH ONPEIEIISTh MPOAoIIbHbIE crilbl ($N§),
nonepeynsie ciibl ($QS$), usrubaromrie momentsl ($M$) u kpysine momentsr (SM_k$) s craruuecku onpeaenuMeIx
CTEPKHEBBIX CUCTEM (0aloK, paM, INIOCKUX (epm).
3.2.2 | BEIIOAHATE pacueThl Ha MPOYHOCTD U )KECTKOCTH: MPOBOJUTH TPOBEPOYHBIE U MPOEKTHBIE PACUETHI JIEMEHTOB KOHCTPYKIUN
MIPY OCHOBHBIX BUAX JIeOpPMaLUil ¢ Y4ETOM JOMYCTHUMBIX HAIPSKEHUH.
3.2.3|[Ipou3BOIUTH T€OMETPUUYECKUI pacueT CeYeHHId: HaXOIUTh TJIaBHbIE MOMEHTHI HHEPIUH JJIsl CTAHAAPTHBIX MTPOKATHBIX
npoduIei M CIOKHBIX COCTABHBIX CEUCHHI, CBAPEHHBIX WIIM COSANHEHHBIX U3 HECKOJIBKHUX JJIEMEHTOB.
3.2.4|OmpenensTs NepeMeIeHus B yIPyTHX CUCTeMaX: BBIYUCIATE IPOTUOBI M YTIIBI TOBOPOTA OaJloK M PaM € HCTIOJIb30BAaHHEM
SHEpPreTHYECKNX METOI0B U Mpasuiia Bepenaruxa.
3.2.5|PaccunThIBaTh CTATUYECKU HEONPEIEITUMbIE CUCTEMBI: IPUMEHSATh KJIACCHYECKHE METO/IbI (HalpuMep, METO] CHIT) JUIs
PACKpPBITHS CTaTHYECKOH HEOMPEAETUMOCTH MPOCTEHIIINX paM U GaJIoK.
3.2.6|OueHnBaTh HANPSDKEHHOE COCTOSTHHUE B TOUKAX: BEIYHCIIATH TIaBHBIE HANIPSHKEHHS Ha TUIOMIAAKAX U MOJ0UpaTh SKBUBAJICHTHEIE
HAIPSDKEHHS 110 SHEPTETHYECKUM TEOPHSM IIPOYHOCTH.
3.3|Baaners:
3.3.1|Metoaamu uieanu3anny U OCTPOCHUS PACUETHBIX CXEM: CIIOCOOHOCTBIO IEPEBOIUTH PEAIbHBIE CTPOUTEIIBHBIC JIEMEHTHI
(KOJIOHHBI, OaJTKH, IEPEKPHITHS) B pACUETHBIE CTEPIKHEBBIC MOJICNIH C OTPEIeICHHEM I'PAaHUYHBIX YCIOBHHA U OIIOPHBIX
3aKpeTICHUH.
3.3.2|imKkeHepHBIM almapaToM OIeHKH HecyIleil CHoCOOHOCTeH: HaBBIKaM1 aHAJI3a HaJIeXHOCTH CTPOUTENBHBIX KOHCTPYKIHUI €
TOYKH 3pEHUs MPEJOTBPALICHUS pa3pyIICHHs WK HEJOMYCTUMBIX AedhopMaluii.
3.3.3|IIpodeccroHanbHOI TEPMUHONIOTUEN: HaBBIKAMU KOPPEKTHOT'O UCTIOIb30BAHUS TEXHUYECKOTO A3bIKa COIPOTHBICHUS
MaTepuasoB IPH MEXIUCIUIUINHAPHOM IPOSKTHPOBAHHUH.
3.3.4|HopMaTHBHBIM MOJXOJOM: MOHUMAHAEM TEOPETUIECKHX MPEANIOCHUIOK U OTPaHHYEHH, KOTOPBIE 3aJ0KEHBI B ISHCTBYIOIIIE
cTpoutensHble HopMmbl 1 npasuia (CIT/ CHull) npu pacueTe Hecymux KOHCTPYKIMH 3aHUI U COOPYKEHHUH.
4. CTPYKTYPA U COAEPKAHUE JUCIHUIIJIMHBI (MOAYJISA)
Kox HanmenoBanue pa3ienoB u Tem /| Cemectp / | UacoB | Komneren- | Jlureparypa | Hnure IIp. IIpumeuanue
3aHATUS BWI 3aHATHS/ Kypc 10010 pPAKT. | TOAT.
Paznen 1. llenTpanbsHoe
pacTs:KeHHe U CKATHE
CTepsKHei.
1.1 Lenu u 3agaun kypca 3 2 OIIK-1 JI1.1J12.1J13.1
COIPOTUBIICHUS] MaTEPUAJIOB.
Knaccuduxanus ten, cui.
MertoJ ceueHusI 1 OCHOBHBIE BUBI
Harpy>KeHUsL.
Hanpsoxenue. [lepemenienue u
nedopMaItum.
/JTex/
1.2 Pactsoxenue u cxartue. 3 2 OIlIK-1 JI1.1J12.1J13.1
OmnpeneneHue ¥ MOCTPOEHHE S0P
BHYTPEHHUX YCWINH, HANPsHKEHUH
B MOTIEPEYHBIX CEYCHUSX Opyca u
ero
MepeMeIeHHUSI.
Mp/
1.3 JluarpamMMbl pacTsHKEHUS U 3 2 OIIK-1 JI1.1J12.1J13.1
cxarusi. OCHOBHBIE MEXaHUYECKUE
XapaKTePUCTHKH MaTepHaa.
Jomyckaemble HaIpsHKESHHS.
Koadduuuenr 3anaca. Tpu Tuna
pacdera Mo J0ITyCKaeMbIM
HaINpsHKEHISIM TIPH PaCTsHKEHHUH-
cxatun. /Jlex/




1.4

Cratn4ecKy HEONpPEeaeIUMbIC
CHCTEMBI IIPH PACTSHKCHHUH-
coxarun. /TIp/

OIIK-1

JI1.1J12.1J13.1

Amnanus KelcoB

1.5

LenTpanpHOE pacTsHkeHNne U
cXKaTHe CTepKHEH
/Cp/

20

OIIK-1

JI1.1J12.1J13.1

Paznen 2. UucThlii CABUT.
Kpyuenune. 'eomeTpnueckne
XapPAKTEPUCTUKH IIOCKUX
CeYeHHUi.

2.1

Yuctslil casur. Hanpsbkenus,
nedopmaryu, 3akoH I'yka npu
4yliCcTOM caBure. CBsA3b MEXIY
MOZyJIEM YIPYTOCTU U MOAYJIEM
casura. Hanpspxennst Ha
HAKJIOHHBIX IUIOMIAKAX [IPU
yncToM casure. IloTeHnanpHas
SHEpPrUs IpH YUCTOM ciBure. /JIex/

OIIK-1

JI1.1J12.1J13.1

2.2

Pacuetst Ha mpoyHOCTH M
JKECTKOCTD TIPH KPYyUESHHUH.
CraTuyecku HeonpeaeIuMble
3aJ1auu MPH KPYUCHUH.

Mp/

OIIK-1

JI1.1J12.1J13.1

23

T'eomeTprueckue XapakTepHCTHKA
TUIOCKUX ceueHuid. [Tnomann u ux
CTAaTHYCCKUE MOMEHTBL.
OmnpeerneHue LEeHTpa TSHKECTH
ceueHusl. MOMEHTBI HHEPIHU
ceueHnid. OCHOBHBIE CBOWCTBaA
MOMEHTOB HHEpIHH. Brrancienne
MOMEHTOB HHEPIINH CIIOKHBIX
¢duryp /Jlex/

OIIK-1

JI1.1J12.1J13.1

2.4

T'eomeTprueckue XapaKTEpPUCTHKH
IUIOCKKMX ceueHui. [lnomanm u nx
CTaTHYECKHE MOMEHTBHI.
Ornpenenenre MeHTpa TsHKECTH
cedeHns. MOMEHTBI HHEPLIUU
ceueHuii. OCHOBHBIE CBOMCTBA
MOMEHTOB HHEpLUH. Beruncinenue
MOMEHTOB HHEPILIUH CIJIOKHBIX
¢uryp. [IpeodpazoBanue
MOMEHTOB UHEPIUH TIPU
napauIeIbHOM TIepeHOCe OCei
koopauHar. [IpeoOpasoBanue
MOMEHTOB HHEPLIUH [IPU IOBOPOTE
oceil koopauHat. I'maBHbIE OCH U
TJIaBHBIC MOMEHTBI MHEPIIUH.
TlonsiTHe o paguyce HHEPIHHU.
Mp/

OIIK-1

JI1.1J12.1J13.1

2.5

Uwucrenit casur. Kpyuenue.
T'eomeTprueckue XapakTepUCTHKH
TUTOCKUX cedeHuid. /Cp/

18

OIIK-1

JI1.1J12.1J13.1

Paznea 3. [Ipsimoii nonepevHsbIii
u3ruo.




3.1

[MonsTre 06 u3rude. [Tonepeunsie
CHJIBI U M3THOAOIINe MOMEHTHI.
JuddepeHnunanbHpie 3aBUCUMOCTH
MEK/Ty HUHTCHCHBHOCTHIO
pacnpeieneHHOR Harpysku (q),
noriepevyHoit cuoii (Q ) u
U3THOAIOIM MOMEHTOM
(M).HopmaibHble HanpsKeHUS
IPY YUCTOM U3THOE U TIONEePEIHOM
usrube. Tpu Tuna pacyera Ha
HPOYHOCTH P U3THOE 110
HOPMAJTbHBIM HanpspKeHUsM. /JIex/

OIIK-1

JI1.1J12.1J13.1

32

ITocTpoenue 3op MOMEPEUHBIX
CHJI ¥ M3THOAIOIINX MOMEHTOB. /
IIp/

OIIK-1

JI1.1J12.1J13.1

33

KacaTenbHble HanpsHKeHNS IPH
norepeyHoM n3rube. @opmyiia
Kypasckoro. IIpoBepka
HPOYHOCTH OAJIOK 110 KacaTeIbHBIM
HanpsokeHusM. /JIex/

OIIK-1

JI1.1J12.1J13.1

34

KacarenbHble HAPSHKEHUS TIPU
norepeyHom usrude. @opmyina
XKypagrckoro. /TIp/

OIIK-1

JI1.1J12.1J13.1

3.5

IIpsamoii nonepeunsit u3rud /Cp/

9,8

OIIK-1

JI1.1J12.1J13.1

Pa3nen 4. HanpsizxkeHHnoe
cocTosiHUe B Touke. O0umii
ciay4daii negopmanun opyca.

4.1

Buzpl Hanps)KEeHHOTO COCTOSIHUSL.
I'naBHBIE MIOAAKY, TTIABHBIE
HAaIpsHKEHHs, TJ1aBHbIE OCH.
HanpsikeHus Ha HAKIIOHHBIX
IUIOIA/IKaX MIPU JINHEHHOM
HaINpsH>KEHHOM COCTOSIHUU

/JIex/

OIIK-1

JI1.1J12.1J13.1

4.2

Bubl HAMPSKEHHOTO COCTOSIHUSL.
I'naBHBIE MIONIAIKH, TJIABHBIE
HAMpPSKEHHsI, TIABHBIC OCH.
HanpspkeHust Ha HAKJIIOHHBIX
IUIOIIAIKAX [PH JIHHSHHOM
HarnpspKeHHOM coctostauu /T1p/

OIIK-1

JI1.1J12.1J13.1

43

Ilockoe HanpsHKEHHOE COCTOSTHHE.
Hal'[pﬂ)KeHI/Iﬂ Ha HAKJIOHHBIX
TIoIaAKax (mpsmas 3a/1a4ua).
Kpyru Mopa

/JTex/

OIIK-1

JI1.1J12.1J13.1

44

ITnockoe HanpsHKEHHOE COCTOSIHHE.
HaHpﬂ)KeHI/Iﬂ Ha HAKJIOHHBIX
romaakax (npsmas 3anada). /Ilp/

OIIK-1

JI1.1J12.1J13.1

4.5

O6bpeMHOE HaNpsHKEHHOE
coctosgare. O00OIIEHHBIN 3aKOH
I'yka. O6bemHas nedopmars.

VY nenbHas MOTEHIUATbHAS SHEPTHS
neopMaiy U e€ COCTaBIISIOIINE:
y/AeNbHAs SHEPTHs U3MCHCHUS
o0beMa 1 yJienbHas SHEPTHs
U3MEHEHUS POPMBL.

/JTex/

OIIK-1

JI1.1J12.1J13.1




4.6 HanpspxkenHoe cocTosiHIE B TOUKE. 3 6 OIIK-1 JI1.1J12.1J13.1
OO6uwmii ciyyait nepopmarmu
opyca. /Cp/

4.7 KoncynbTanuu u npuem sK3ameHa / 3 0,2 OIIK-1
KpTO/

Pa3nen 5. JlabopaTopHbIii
NMPAKTHKYM

5.1 Pactsxenne nuMHIpUYECKOTO 3 2 OIIK-1 JI1.1J12.1J13.1
o6Opasia. [loctpoeHue nuarpaMMsl
HanpsbkeHus - aedopmanuu /J1ad/

5.2 Cxxarne obpasia nu3 XpyImnkoro 3 2 OIIK-1 JI1.1J12.1J13.1
Matepuana /J1a6/

53 YucTslit n3rud /J1ad/ 3 2 OIIK-1 JI1.1J12.1J13.1

54 Onpenenenue MOy st 3 2 OIIK-1 JI1.1J12.1J13.1
ynpyrocta /J1a6/

5.5 Onpenenenue Moy [Tyaccona / 3 2 OIIK-1 JIL.1JI2.1J13.1
JIab/

5.6 Onpenenenue koddduiuenra 3 2 OIIK-1 JI1.1J12.1J13.1
yaapHoii Bszkoctu /J1ab/

5.7 Onpenenenue KecTKOCTH 3 2 OIIK-1 JI1.1J12.1J13.1
npyxuHsl /J1a6/

5.8 CrnoxHO€ HampspKEHHOE COCTOSTHHE 3 4 OIIK-1 JIL.1JI2.1J13.1
B Touke. Kpyuenue TpyOuaroro
obpasua /J1a6/

5. ®OHJ1 OHEHOYHBIX CPEJICTB

5.1. KouTpoabHbie BONPOCHI U 3aIaHUS

IIpu TexymieM KOHTpPOJIE UCIIOJb3YIOTCS U3yUeHHBIE TeMBL. [locie kaxk1oro BoIpoca NpUBEJEHbI ONOPHBIE YIEMEHThI OTBETA UL
npenozasaresis. Ha npoMesxyTOYHOM aTTecTaluy AOIYCKAeTCs IPUBJICYEHHE PAHEE U3YUEHHBIX METON0B, HEOOXOJUMBIX AT
000CHOBAHUS PEIICHHUSI.

B1. [Touemy pacuéTHas cxema JOJDKHA COJEPKaTh OrPaHNUCHUS] IPUMEHUMOCTH?

Onopuslii oTBeT. Hy’kHO Ha3BaTh uacann3alnio FeOMETPUN, MaTepHala, Harpy30K U CBSI3€H U yKa3aTb yCJIOBHUS, IPU KOTOPBIX
0oTOpoIIeHHBIE 2P (EKTHI CTAHOBSTCS CYIIECTBEHHBIMH.

B2. Kak nmpoBepuTs 3MI0py BHYTPEHHETO CHIOBOTO (hakTopa?

OnopHslii otBeT. [IpoBepuTh paBHOBECUE OTCEUEHHON YaCTH, 3HAUEHMS HA KOHILIAX, CKAYKU M Pa3MEPHOCTH; IPABHUJIO 3HAKOB JOJDKHO
OBITH €UHBIM.

B3. Korna nonycruma gopmyna yaausaenust NL/(EA)?

OnopHslii oTBeT. i1 IPU3MAaTHYECKOTO y4acTKa MpHU NOCTOSIHHBIX N 1 E, IeHTpabHOM Harpy>K€HHM U JTMHEHHO-YIIPYTOM MOBEJCHUY; B
obmieM ciyvae ucnoinb3yrot unrerpain N/(EA).

B4. Tlouemy paBHOBecHsI HEIOCTATOYHO JUIsl CTEPIKHS MEXy KECTKUMU Oortopamu?

OmopHsIit oTBeT. Peakuuii 6ombIe Yrcia He3aBUCHMBIX yPaBHEHHIT PaBHOBECHS; HY KHBI COBMECTHOCTH Ae(opMaruii 1 pr3ndeckne
COOTHOILEHHUS ¢ Y4ETOM TEMIIEPATYPhI MM MOHTAXKHOTO HATSITa.

B5. Uem paznuyarorcs kECTKOCTh U MPOYHOCTH MaTepuana’?

OmnopHslii 0TBET. MOAyIIb yIPYroCTH 331aET HAKIOH YIIPYroro y4acTKa JUarpaMMmsl, a peaei TeKy4eCTd WU IPOYHOCTU —
COOTBETCTBYIOLIYIO IPaHUIly HAPSKEHUH; OJHO HE CIEeLyeT U3 JpYyroro.

B6. TTouemy manew npoBepsItOT U HA CPeE3, U HA cMsITHE?

OnopHslii 0TBET. DTO pa3Hble MEXaHU3Mbl OBPEKACHUS C Pa3HBIMU PAaCUETHBIMHU IUIOLIAIAMHU; ONPEENAET MEHbIIAs JOITyCTUMAsT
Harpyska.

B7. 3aueM HaXOUTH IIIABHBIE LIEHTPAIbHBIE OCU CEUCHUS?

OnopHslii oTBeT. Ha 3THX 0CsAX LIEeHTPOOEXKHBIII MOMEHT HHEPLIUH PABEH HYJIIO, YTO [I03BOJISIET HE3aBUCUMO yUUTHIBATh ABa
U3rubaroIuX MOMEHTA.

B8. MosxHO 111 IpHMEHATH HOPpMyITy KpyUeHHUs KPYIJIOTO Baja K IIBeJIepy?

Onopuslii oTBeT. HeT: runoresa oTCyTCTBUS A€IUIaHALIMYU U PACHIPEAEICHUE HAPSKEHUI KPYTJIOTro CeueHHs HEMPUMEHUMBI K
OTKPBITOMY HPOGUITIO.

B9. Kakue BeIMIUHBI COXPaHAIOTCS IPH HOBOPOTE OCEH MIOCKOTO HAMPSXKEHHOTO COCTOSAHMA?

OnopHslii oTBeT. CyMMa HOPMaJIbHBIX HAIPsDKEHUI U OIpeeIuTellb INIOCKOT0 TEH30Pa; T1aBHbIE HAIIPSOHKEHUS HE 3aBUCAT OT BbIOOpA
OCEH.

B10. ITouemy Musec u Tpecka He pearupyroT Ha YUCTOE TUAPOCTATUUECKOE HANPSKEHHE?

Omnopnsrif otBeT. O6a KpUTEpH HaYata TeKy4eCTH ITAaCTHIHOTO METallIa OMpeIeAI0TCs JeBUATOPOM HANPsHKEHUH; THAPOCTaTHYEeCKast
9acThb He co37aET (QOPMOU3MEHEHNS.

B11. I'ne BO3MOXKEH 3KCTpEeMyM U3rudaroiero MoMeHTa?

OmnopHslii 0TBET. BHYTpH M1aIKOr0 y4acTKa TaM, Iie IoIepeyHas CUila PaBHa HyJII0; OTIEIbHO MPOBEPSAIOT IPaHHUIIbl yYACTKOB M TOYKH




CKay4KOB.
B12. TToueMy yBenuueHHE BHICOTHI IPSMOYTOJIBHOM Oanku 3¢ GekTHBHO npu u3rude?

OnopHslii 0TBET. MOMEHT COMPOTHUBIICHUS] OTHOCUTENILHO OCH, NapajlieNIbHOM MIMpUHE, paBeH bh?/6; npu GUKCHPOBAaHHON IIMPHHE
pacTéT KBaJpaTHYHO 110 BBICOTE.

B13. I'ne MmakcuMaibHBI KacaTesIbHbIC HANPSDKEHHS B IPSMOYTOJILHOM CEYEHUH?

Onopnsrii otBeT. Ha HeltrpanbHO# ocu; MakcuMyM paseH 1,5Q/A B pamkax ¢opmyuisl XKypasckoro.

B14. Kakue rpaHiyHble YCIOBUS 3aJa0T JUIs KOHCOIU?

OmnopHslii oTBeT. B 3amenke HyneBble IPOrud M yroi HOBOPOTA; Ha CBOOOJHOM KOHIIE MOMEHT U IIOIIepeYHasi CUJla COOTBETCTBYIOT
MIPUJI0’KEHHBIM KOHIIEBBIM BO3/IEHCTBHAM.

B15. Kak naiitn nepemenienre B HampaBJIeHUH OTCYTCTBYIOMIEH cribl o Kactunbsno?

OnopHslii oTBeT. BBecTH BcrioMorarenbHyo cuity, IpoaudGepeHInpoBaTh YHEPTHUIO 110 HEl U 3aTeM MPUPABHATH BCIIOMOTaTEIbHYIO
CHILy HYJIIO.

B16. Uem ornuyaeTcsi eAMHUYHBIA MOMEHT OT €AMHUYIHON CUIIBI IPU pacuéTe IMepeMelieHui?

OnopHslii oTBeT. ENMHUYHBII MOMEHT onpesieNsieT CONpsHKEHHBIN yToll IOBOPOTa, EAMHUYHAS CHJIa — JIMHEWHOE NepeMellIeHUE B
BBIOPaHHOM HaIlpaBICHHH.

B17. Kak npoBeputs pemieHrne MeTo10M CHI?

Onopaslii otBeT. [IpoBepuTh paBHOBECHE HTOTOBOM CHCTEMBI U BBIIIOJHEHHUE COBMECTHOCTH B YIAJIEHHBIX CBA3SIX; IPY30BbIE U
€IMHUYHBIE COCTOSHHUS JOJKHBI OTHOCUTBCS K OJTHOH OCHOBHOM CHCTEME.

B18. Becerna nin HeliTpanbHas IMHUS TIPU KOCOM M3THO€ NEPICHIUKYIIApHA crie?

OnopHblii oTBeT. Het; e€ nosoxeHue 3aBUCUT OT OTHOLIEHHS IIaBHBIX MOMEHTOB UHEPLIUH U KOMIIOHEHT U3TH0aI0IIero MOMEHTA.
B19. Yto o3HauaeT rnomnaganue CKMMAIOIICH CHUIIBI B SIIIPO CEUCHHs?

OmnopHslii 0TBeT. B paMkax auHEHHOTo pacnpeseneHns HalpsHKeHUH BCE ceueHHe CKaTo WM UMeeT HyJIeBOe HalpshKeHUE Ha TPaHUIIE;
pacTsKEHUS HeT.

B20. TTouemy npm m3rude ¢ KpydeHHUEM HETb3s MIPOCTO CIOKUTH MAKCUMATbHBIE HATIPSDKSHUS !

OmnopHeIii oTBeT. HopMansHbIe U KacaTelbHbIe KOMIIOHEHTHI PAa3InIHbL; HX O0BEANHSIOT B OTHOM TOUKE I10 BEIOPAaHHOMY KPUTEPHUIO
IPOYHOCTH.

B21. Korna ¢popmyna Ditnepa 3aBblaeT JONYCTUMYIO Harpy3Ky?

OnopHslii oTBeT. Koraa kxpurnueckoe HalpsKeHUE BBIXOUT 3a MIPeAeIT IPONOPLUHOHANEHOCTH M MOJIEIb HEAIBHOTO MPSMOIo
CTEp>KHS HE OTpayKaeT HECOBEPILEHCTBA U AKCIIEHTPUCHTET.

B22. Uto nocTossHHO BIOJIb OTHO3aMKHYTOTO TOHKOCTEHHOTO KOHTYpPa MIPH KPyIEeHUH?

Onopsnsrii otBeT. KacarespHslid moTok q=T/(2A_m); HanpspKeHUE (/t MEHSETCS PH W3MECHEHUH TOJIIIMHBI CTEHKH.

B23. TloueMy He#TpaibHas OCh KPUBOTO Opyca He MPOXOIUT Yepe3 LEHTP TAKECTH?

OnopHblii oTBeT. VicxoqHas KpUBU3HA IPUBOAUT K HEJIMHEHHOMY 110 pajuycy paclpeeraeHHIo IPooIbHOM aedopManuu u
TUIEPOOIMUECKOMY PACIPENETICHUIO HAIIPSKEHHH.

B24. Toxa3bIBaeT i1 CXOTUMOCTh CETKH MPAaBUILHOCTh (pU3n4ecKoit Monenun?

OnopHblii oTBeT. HeT: oHa npoBepsieT YUCICHHOE PEeLIeHHEe IPUHATON MOAENY; U1 BaIUAAIMN HY>KHBI HE3aBUCHMBbIE
SKCHEPUMEHTAJIbHBIC JTaHHBIE U OL[EHKA IOrPEIIHOCTEH.

5.2. Tembl KypcoBbIX padoT (IPOEKTOB)

KypcoBsix padot He npeaycMOTpeHO

5.3. ®oH OLIEHOYHBIX CPEACTB

@DOH/T OLIEHOYHBIX CPEJICTB

ITopsinok MCIIONBb30BaHUS U OXBAT COJICPIKAHUS

Bompocer B1-B24, npaktuueckue [1P1-11P24 u camoctositensabie CP1-CP24 coOTBETCTBYIOT JIEKIHSIM C TEMH K€ HOMEPAMH.
Pacuérnblil 6ank conepkut 12 3amanuii; TecToBbIM 0aHK — 12 3ananuii. YucneHHbIe JaHHbIE SBISIOTCS YU€OHBIMU M HE 3aMEHSIOT
XapaKTepUCTUKN KOHKPETHON MapKu MaTepHalla WId HOPMAaTHBHBIE JOIIyCKaeMble 3HAUCHHUSI.

CemectpBonpocst Pacuérnble 3aganus Texymue cpencrsa
3 B1-B12 K1-K6 T1-T6; PT'P1-PI'P2; ITP1-TIP12
4 B13-B24 K7-K12 T7-T12; PI'P3—-PI'P4; ITP13-11P24; JIP1-JIP9

KoHTposbHbIE BOIPOCH! U 3a1aHuUsl JJIs TEKYIIEr0 KOHTPOJISL U IPOMEXYTOUHOM aTTecTalun

IIpu TexymieM KOHTPOJIE UCIIOb3YIOTCS U3yUEHHBIE TeMBL. [locie kax10ro BOIpoca NPUBEJECHbI OOPHBIE JIEMEHThI OTBETA JULS
npenogasareiis. Ha npoMe)xyTOYHON aTTecTaluy AOMYCKAeTCsl IPUBJICUEHHE PAHEE U3YUEHHBIX METON0B, HEOOXOJUMBIX AT
000CHOBAHUS PEIICHHUSI.

B1. ITouemy pacuérHas cxema JOIKHA COAEPKATh OrPaHUUYEHUS IPUMEHUMOCTH?

Onopuslii oTBeT. Hy’kHO Ha3BaTh ujcanu3alno reoMEeTpUU, MaTepHraa, Harpy30K U CBsI3eH U yKa3aTb yCJIOBHUS, IPU KOTOPBIX
oTOpoureHHbIe YO (EKTH CTAHOBSTCS CYIIECTBCHHBIMIL.

B2. Kak nmpoBepuTh SMI0py BHYTPEHHETO CHIOBOTO (hakTopa?

OnopHslii oTBeT. [IpoBepUTh paBHOBECUE OTCEUEHHON YaCTH, 3HAUEHUS HA KOHIIAX, CKAYKK M Pa3MEPHOCTY; IPABUJIO 3HAKOB JOJDKHO
OBITH €IUHBIM.

B3. Korna nonycrtuma ¢gopmyna yamuaenust NL/(EA)?

OnopHslii oTBeT. 11 MPU3MATHUECKOTO yYacTKa MpHU NOCTOSIHHBIX N 1 E, IeHTpanbHOM HarpyK€HHM U JTUHEHHO-YIIPYTOM MOBEJICHUY; B
o0rieM ciyvae ucnoinb3yrot uarerpan N/(EA).

B4. [Touemy paBHOBecHSI HETOCTATOYHO JUISI CTEPKHS MEXKIY KECTKUMH OIIOpamMu?

OnopHslii oTBeT. Peakuuii 6oiblie yncia He3aBUCUMBIX YpaBHEHHH paBHOBECHS; Hy>KHbI COBMECTHOCTb AehopManuil u pusuueckue
COOTHOILIEHHUS ¢ Y4ETOM TEMIEPATYPhI WM MOHTAXHOIO HATSTa.

BS5. Yem paznuuarorcs xKECTKOCTb U IPOYHOCTH MaTepuana?

OmnopHslii 0TBET. MOAyIIb yIPYTrOCTH 331aET HAKJIOH YIIPYToro y4acTKa JMarpaMmbl, a Mpeaes TeKy4eCTH WM IPOYHOCTH —




COOTBETCTBYIOILYIO IPAaHUIy HANPSKEHUH; OJTHO HE CIEAYET U3 APYIoro.

B6. [Touemy naner mpoBepsIOT 1 Ha Cpe3,  HA CMATHE?

OmnopHsIii 0TBET. DTO pa3HbIe MEXAHU3MBbI IIOBPEKACHH C PA3HBIMHU PACUETHBIMH IUIOMIAAAMH; OIIPEAEIAET MEHbIIAS JOITyCTUMAs
Harpyska.

B7. 3aueM HaXOIUTH ITIABHBIE LIEHTPAIbHBIE OCU CEUCHUS?

OnopHblii oTBeT. Ha 3THX 0CsAX LIEHTPOOEKHBIII MOMEHT HHEPLIUY PABEH HYJIIO, YTO [I03BOJISIET HE3aBUCUMO YUUTHIBATh JBa
U3ru0aroIX MOMEHTA.

B8. MoHO 111 mpuMeHSITh GOpMyITy KpyueHHs KPYTJIoro Bajia K miBeuiepy?

OmnopHelii oTBeT. HeT: runoresa oTCyTCTBUS JeIUIaHALUK M PAacIIpeeIcHIe HANPsHKEHUI KPYTTIOro CeUeHUs] HEIPHUMEHUMBI K
OTKPBITOMY ITPOQUITIO.

B9. Kakue BeIUIUHBI COXPaHAIOTCS IPH HOBOPOTE OCEH IIOCKOTO HAMPSKEHHOTO COCTOSAHUA?

OnopHslii oTBeT. CyMMa HOPMaJIbHBIX HAIPsDKEHUH U OIpeleIuTellb INIOCKOro TEH30Pa; T1aBHbIE HAIIPSHKEHUS He 3aBUCAT OT BbIOOpA
OCeH.

B10. ITouemy Musec u Tpecka He pearupyroT Ha YUCTOE THAPOCTATUUECKOE HANPsSKEHHE?

Omnopasrif otBeT. O6a KpUTEpHs Havata TeKy4eCTH ITAaCTHIHOTO MEeTallla ONpeIeNI0TCs JeBHATOPOM HaNPsHKEHHH; THAPOCTaTHIeCKast
9acThb He co37aET (QOPMOU3MEHEHNS.

B11. I'ne BO3MOXEH 3KCTpeMyM HU3rudaroiero MoMeHTa?

OnopHblii 0TBET. BHYTpU I1afkoro y4acTka TaM, IJie HoIepedHas CUIa paBHa HyJI0; OTJEIbHO IPOBEPSIOT IPaHUIIbl yUACTKOB ¥ TOUKU
CKauKOB.

B12. ITouemy yBenu4yeHUE BBICOTHI IPAMOYTONbHOM 6anku 3¢ heKTUBHO npu u3rude?

OnopHblii 0TBET. MOMEHT COIIPOTUBIICHUS] OTHOCUTENILHO OCH, lTapaluleNIbHON IupuHe, paBeH bh?/6; mpu ¢ukcupoBaHHOIl mUpUHE
pacTET KBaJPaTUYHO 110 BBICOTE.

B13. I'me MmakcumanbHBI KacaTebHBIE HAIPSDHKEHHSI B IPSIMOYTOIHEHOM CEUSHUH ?

Onopssrii otBeT. Ha HeiltrpanbHO# ocu; MakcuMyMm paBeH 1,5Q/A B pamkax ¢opmyiisl XKypasckoro.

B14. Kakue rpanndHbie YCIOBHS 33aI0T AJIS1 KOHCOIH?

OnopHslii 0TBeT. B 3anenke HyneBble IPOrud U yroi HOBOPOTA; HA CBOOOJHOM KOHIIE MOMEHT U IIONEpEYHasi CUjla COOTBETCTBYIOT
IPUIOKEHHBIM KOHIIEBBIM BO3AEHCTBUSIM.

B15. Kak HaiiTu nepemeleHye B HallpaBlIeHUU OTCYTCTBYOLIEH cuiibl 1o KacTunbsHo?

OmnopHBIH 0TBET. BBecTH BecroMoraTensHyo cuity, npoanddepeHpoBaTs SHEPTHIO [0 HeH 1 3aTeM IIPHPABHATH BCIOMOTATEIbHYO
CHILy HYJIIO.

B16. Uem oTnmuaercst eIMHUYHBIN MOMEHT OT €IMHUYHOM CHJIBI IPH pacu€Te mepeMenieHmii?

OmnopHsIii 0TBeT. ENVMHUYHBII MOMEHT OIpeesieT CONPsHKEHHBIA Yol TOBOPOTA, €ANHIYHAS CHJIa — JIMHEHHOE MTepeMelIeHIe B
BBIOPaHHOM HAalpaBICHHH.

B17. Kak npoBepHTh pelieHne MeToI0M CHiI?

OnopHslii oTBeT. [IpoBepUTh paBHOBECHE UTOTOBOM CHCTEMBI U BBIIIOJIHEHHE COBMECTHOCTH B YAAIEHHBIX CBSI35X; TPY30BbIE U
€IMHUYHBIC COCTOSHHUS JIOJDKHBI OTHOCUTHCS K OJTHOH OCHOBHOH CHUCTEME.

B18. Beerna 1 HelTpalibHas JIMHUS IPU KOCOM U3rube NeprueHauKyJsipHa cuie?

OnopHslii oTBeT. Het; €€ nonoxeHue 3aBUCUT OT OTHOLIEHUS IJ1aBHBIX MOMEHTOB HHEPLIUH U KOMIIOHEHT M3TrHOAI0IIEro MOMEHTA.
B19. Yro o3HayaeT nomnajaHue CXUMAIOILEH CUIIBI B SIAPO CEUEHHUs?

OmnopHblii 0TBET. B pamkax IMHEHHOTO pacnpeiesieHus] HalpsDKEHUH BCE CeUeHUe CHKaTo WIN UMEET HyJIeBOE HANPSDKEHHUE Ha IPaHUIIE;
PacTSDKEHHUS HET.

B20. ITouemy npu u3rude ¢ KpyueHUEM HeJb3sl IPOCTO CI0KHUTh MAaKCUMAIIbHBIE HATIPSHKCHUS?

OnopHblii oTBeT. HopManbHble U KacaTelbHbIe KOMIIOHEHThI Pa3IM4Hbl; UX 00BEAUHSIOT B OJHOM TOUKE 10 BEIOPAaHHOMY KPUTEPHUIO
MIPOYHOCTH.

B21. Korna dpopmyina Ditnepa 3aBblaeT JOMYCTUMYIO HArPy3Ky?

OnopHslii otBeT. Koraa kpurudeckoe HalpsKeHUE BBIXOIUT 3a MIPEAEIT IPOIOPLUHOHANBHOCTH M MOJEINb UIEAIbHOIO IPSMOIo
CTEpKHA HE OTPa)kaeT HECOBEPILECHCTBA M AKCLIEHTPUCHUTET.

B22. YT0 nMOCTOSIHHO BJ0JIb OJTHO3aMKHYTOTO TOHKOCTEHHOTO KOHTYpa NPH KPyUYeHUU?

OnopHslii otBeT. Kacarensuslii moTok q=T/(2A_m); HanpskeHUe q/t MEHSETCs IPH U3MEHEHNUH TOJIIUHBI CTCHKU.

B23. Tlouemy He#TpanbHas OCh KPUBOTO Opyca HE MPOXOIUT Yepe3 LEHTP TAKECTH?

OmopHsIif oTBeT. McX0aHAs KpHUBHU3HA IPUBOAUT K HEIHHEHHOMY I10 paiycy paclpeaeleHAI0 IPOOIbHOM e opMarii u
TUIEPOOIMYECKOMY PACIPENEIEHUIO HAIPSKEHHUH.

B24. Jloka3bIBaeT I CXOIMMOCTE CETKHU IIPaBIIBHOCTD (PU3UIECKON MOAEIH?

OnopHslii oTBeT. HeT: 0Ha NpoBepsieT YUCIEHHOE PEeLIeHHE IPUHATON MOAENy; Ul BalUall1 Hy>KHbI HE3aBUCHMBbIE
9KCIIEPUMEHTAJIbHBIC TAaHHBIE U OIIEHKA MOTPELIHOCTEH.

PacuérHble 3a1aHNs ¥ STATOHBI OTBETOB

OpHEHTUPOBOYHOE BpeMs OAHOH 3agaun — 25-35 MunyT, 6osee cinosxkHoi — 1o 40 MuHYT. JlomyckaeTcsi HeIPOTPaMMHUPYEMBIi
KalbKyJIATOp. CXxeMy H300paxaroT M0 YCJIOBUIO; €AMHUIBI COIIACYIOT A0 MOJCTAHOBKU YUCEN. DTAJIOH CIy>KUT AJIsl IPOBEPKU
[IPEnoaBaTeleM.

K1. LlenrpanbHoe pacTsokeHue

Cemectp 3; neknuu 3.

CranpHolt cTepxkenb uuHoi 1000 MM u mmomaapio 200 mm? pactsanyT cunoit 40 kH. E=200000 MITa, npenen texyuyectu 300 MI]a.
Haiinute Hanpsokenue, yUIMHEHUE U 3a11ac MO TEKY4ECTH.

Oranon. c=P/A=200 MIla; A=PL/(EA)=1,00 mM; n=300/200=1,50.

K2. Crecuénnoe temmneparypHoe paciupeHue

Cemectp 3; nexuuu 4.

IIpsmoii cTepskens miomanso 300 Mm? 3aKkpeIIEéH Mex Iy aOCONIIOTHO XKECTKUMH onopamu 6e3 3a3opa u Harpet Ha 40 °C. E=200000
Mlla, 0=12-10"¢ °C"'. HaiiguTe TeMepaTypHOe HaIPsHKEHUE U NIPOAOJIBbHYIO CUILY; IOTEPI0 yCTOMUUBOCTU HE YUUTHIBATD.




Otanon. 6c=—EaAT=—96 MIla; N=cA=—-28,8 kH. 3Hax MHUHyC COOTBETCTBYET CKATHIO; IIOJIHOE yATUHEHNE PABHO HYJIIO.

K3. Manen B iByXcpe3HOM COeIUHEHUHN

Cemectp 3; nekuuu 6.

Cuia 30 xH nepenaéres neHTpanbHOM IPOYIINHON TONUHON 8 MM Ha B€ Hapy KHbIE IIEKH TOJIIIUHOM 1o 6 MM. Harpyska Mexay
IeKaMu JienuTes moposHy. [lanen nuamerpom 12 MM, gomyckaeMsle HanpsbkeHus cpesa 100 MIla u emsrus 200 MIla. ITposepste
najel ¥ NoAdepuTe AUaMeTp ¢ OKPYIIIEHUEM BBEPX [0 11100 MUIIMMETPA; U3rU0 Najiblia He yYUTHIBATb.

Oranon. 1=F/(2nd*4)=132,6 Mlla; cmsaTue uenTpanbHoi npoymunHsl 312,5 MITa, kaxnoit meku 208,3 MIIa. d no cpesy >13,82 mm, 1o
HEeHTpaIbHOH npoymHe >18,75 MM, o HapykHOM meke >12,50 MM. MuHUMaNbHBIN nensiid auaMetp 19 M.

K4. IIpounocTs 1 xKECTKOCTH KPYTIIOTO Baja

Cemectp 3; nekuuu 8.

CrutomHo# Ban aimuHoi 1000 mm nepenaér moment 1 kH-m. G=80000 MIla, nomyckaemoe kacaTenbHoe HanpsbkeHue 80 Mlla,
Jonyctumslii yrou 2°. IIposepbre quamerp 40 MM 1 HailiuTe MUHUMAJbHBIN PacUETHBINA TUAMETP.

Oranon. [Ipu d=40 mm: 1=16T/(nd?)=79,58 MIla; ¢=32TL/(nGd*)=0,04974 pan=2,85°. IIpounocTts obecnieueHa, ;xECTKOCTh HE
obecrnieuena. [To npounoctu d>39,93 mm, no xxéctroct d>43,70 MM; onpenenseT KECTKOCTb.

K5. I'nmaBHBIE 11 SKBHBaJICHTHBIE HAPSKEHHSI

Cemectp 3; nexuuu 9—10.

B touke 0x=80 MIla, cy=—20 MIla, txy=30 MIla, ocTansHbIe KOMIOHEHTHI paBHbI Hy 0. Haliaute Tpu rIaBHBIX HApsHKEHUS,
SKBHUBaJICHTHBIE HanpspkeHus Tpecka u Museca u 3anac no Musecy npu npejene tekydectu 240 MITa.

Srason. [aBHbIe HaNpsOKEHUs 110 yObBanMIo: 88,31; 0; —28,31 MIla. 65k, T=116,62 MIIa; 63kB,M=\(cx?—0X0y+0y*+31xy)=105,36
MIla; n=2,28.

K6. ITpounHocTh 6anku npu NpsiMoOM U3rude

Cemectp 3; nmexknuu 11-12.

[apHupHO onépras mo koHIaM Oanka nponérom 2000 MM HarpyxeHa nocepeaune cuioit 10 kH. Ceuenue npsmoyroabHoe: mupuna 40
MM, BeicoTa 80 M. HaiinuTe peakinm, MakcuMaabHBIE MOMEHT M MaKCHMallbHOE HOPMAIIbHOE HaIPsDKEHUE.

Oranon. Peaxunu o 5 kH; Mmax=PL/4=5 xH-m; I=bh*/12=1,7067-10° mm*; W=bh?/6=42666,7 mm>; cmax=117,19 MIIa.

K7. IIporu6 u xacatesibHOE HalpsHKeHHEe OaJIKu

Cemectp 4; nexiuu 13—14.

Jus 6anxu K6 npunsats E=200000 MITa. Haiinute MakcuMallbHOE KacaTelIbHOE HAIIPSHKEHUE U IIPOrH0; IPOBEPhTE A0y CTHMBIM
mporu6 L/400.

Oranon. tmax=1,5Q/A=2,344 MIla B ceueHusXx BHE TOUKH npuinoxenus cuibl; fmax=PL3/(48El)=4,883 mMM. JlonmycTHMBII porud 5
MM; YCJIOBHE BBIIIOJIHEHO.

K8. Duepreruuecknit pacuér yammHEeHAS

Cemectp 4; nexnuu 15.

CryneH4aTbIi CTepXKEHb COCTOUT U3 ABYX MOCIEA0BATENBHBIX yU4acTKOB AIHHON 1o 500 MM, miomaasmu 200 u 400 mm?, E=200000
MIla. Ha cBoGoaHOM koH1le cuna 30 kH, BTopoii konen 3akperuiéH. Onpeaennre sHEpruo AedopMaiuy 1 nepeMeneHne KoHIa
MeTtonoM KactunbsHo.

Oranon. U=P?(2E)-(L1/A1+L2/A2)=8437,5 H-Mmm=8,4375 Jlxx. A=0U/0P=0,5625 mm.

K9. banka ¢ omHO# mumHeH omopoit

Cemectp 4; nexkuuu 16-17.

Banka nyuHOM 2 M 3ameMiieHa ciieBa U mapHUpHO onépra crpasa. [To Bcemy nponéry neiicrsyer q=2 kH/m BHu3, EI nocrosiHHO.
Mertonom cui HalaUTe peaki U MOMEHT 3aJIeJIKH.

Oranon. CoemectHocth: qL*/(8EI)—RB-L3/(3EI)=0. RB=3qL/8=1,5 kH BBepx; RA=2,5 kH BBepX; MOMEHT BHELIHEH peaKIuu 3aAeKH |
KH-M npoTuB uacoBoii cTpenku. BHyTpenHuit MOMeHT y 3aenky —1 kH M npu nonoxuTeaIsHOM IPOrudaroneM MOMEHTe.

K10. Ban npu uzrube u kpydeHun

Cemectp 4; nexkuuu 20.

B omnacHoM ceueHnu kpyriioro Baia auamerpom 40 Mm mzrubatrorue momentsl My=0,6 kH-M 1 Mz=0,8 kH-M, kpyTsiuii MmomenT 0,8
kH-m. Ilpenen texydectu 300 MIla. Halinure Hanpshkenust B Hanbosee Harpy>KeHHOM ToYkKe U 3amac mo Mmusecy 6e3 KOHIIEHTPaTOpOB.
Sranon. M=\(My*+Mz2)=1 kH-m; 6=32M/(nd*)=159,15 MIla; 1=16T/(nd*)=63,66 MIla; 65x=V(c*+312)=193,62 MIla; n=1,55.

K11. DiinepoBa ycTOHIMBOCTb CTOMKU

Cemectp 4; nexkuuu 21.

IIpsiMoii mapHUPHO 3aKpeIUIEHHBIH 10 KOHLAM crepxeHb anuHoi 2000 MM uMeeT kpyrinoe cedeHue auamerpom 30 mm. E=200000 MI1a,
npenen npornopruonaigbaoctr 200 MITa. Haiinute kpurnueckyro cuity, mpoBepbTe IPUMEHUMOCTh Difiepa u 3anac npu cuie 10 kH.
Oranon. [=nd*/64=39760,8 mm*; i=d/4=7,5 mm; A=266,67; Pcr=rn*El/L?>=19,62 kH; ocr=27,76 MI1a<200 MIla. Yupyras hopmyia
npuMeHnMa; nyct=1,96 ais nuaeasbHOro CTEPXKHS.

K12. 3aMKHYTBIN TOHKOCTEHHBIN NPOQUIB

Cemectp 4; nexkuuu 22.

OnHO3aMKHYTasi TOHKOCTEHHAsl TPyOa MMeeT KBaJpaTHbIi cpeAnHHbINH KOHTYp 100%100 MM, IOCTOSIHHYIO TOMIMHY 2 MM, JuHy 1000
MM. MomenT 1 kH-m, G=80000 MIla. HaiinuTe kacaTtenbHbIi MOTOK, HAIPSHKEHUE U YToJI 3aKpy4uBaHus 1o mojenu bpenra.

Sranon. Am=10000 mm?; q=T/(2Am)=50 H/mm; 1=q/t=25 MIIa. Jt=4Am?/($ds/t)=2-10¢ mm*; p=TL/(GJt)=0,00625 pan=0,358°.
TecroBble 3amanus

B xaxom 3amaHnu ouH npaBuiIbHbIN oTBeT. KoMmuiekT u3 6 3ananuii paccunrtad Ha 10 munyT. T1-T6 oTHOCsTCA K 3-MY cemectpy, T7—
T12 — x 4-my.

T1. YaBoeHue ANMHBI TPU3MATHUECKOIO PACTSHYTOTO CTEP KHS NPH HeM3MeHHBIX P, E u A usMmenser yuinHenue

A ymenbiiaet BaBoe; b yBenuunBaet BaBoe; B He uzmensiet; I' yBenuunBaeT BUeTBEPO.

T2. IIpy NOJHOCTHIO CTECHEHHOM PAaBHOMEPHOM HArpeBe MPsIMOTO CTEPKHS BO3HUKAET

A Tonbko pactsbkenne; b HyneBoe Hanpspkenue; B cxxatue; I Tonpko kpydenue.




T3. PazMepHOCTH MOMEHTA HHEPIUHU TUIOIIA N

A mMm; b mm?; B mv3; T Mm?.

T4. IIpu KpyyeHnH KpyrJIoro CIUIOLIHOTO Baja MaKCUMYM KacaTeJIbHOTO HAIPsKEHUS paclioyloKeH

A Ha ocu; b Ha nmoBepxHOCTH; B Be3ne oauHakoB; I TOJIBKO y ONOPHI IPU JIFOOOM HarpyKEHHU.

T5. Hauano texydectu 1o Musecy IpH YUCTOM TUAPOCTATUYECKOM COCTOSIHUM

A onpenensercs yIBOCHHBIM JaBleHueM; b onpenensercs cpeJHUM HalpsbkeHUEM; B He mporHosupyercs 3TUM kputepueM; I Bcerna
HacTyHaeT.

T6. BHyTpu miaakoro y4yactka 6anku ycnoBre Q=0 yka3plBaeT Ha BO3MOKHBIN

A skctpemym M; B paspeiB poru6a; B o6s3arenbHblid Hys b M; I pa3pbIB yriia moBopoTa.

T7. B popmyne Kypasckoro Bennunna Q 0003Ha4aeT

A npoponbHyto cuiy; b kpyramuil MomenT; B nonepeunyo cuiy; I ocanky onopsl.

T8. IIpou3BogHas SHEPTUU IO BCIIOMOTraTeIbHOMY MOMEHTY ONpeesIeT

A temnepatypy; b yron nosopota; B miomans ceuenus; I' Mogyiib ynpyrocTtu.

T9. Y iBoeHue JUIMHBI UleadbHON MapHUPHOU cTolKY npu noctosiHHOM ElI mMensiet Per

A yBennuuBaet BaBoe; b ymensimaer BaBoe; B ymensmaeT BuerBepo; I” He n3meHser.

T10. IIpu 3aMKHYTOM OJTHOKOHTYPHOM KpyUEHHUH U IEPEMEHHOU TOJIIIHHE TOCTOSHHO

A kacarenpHOe HanpsbkeHne; b HopmanpHOe HanpsbkeHne; B kacarenbHblil moTok; I TommuHa.

T11. CpaBuenue cerok B MKD HerocpecTBEHHO MpOBEpSET

A 3KCIepUMEHTAIbHYIO JOCTOBEPHOCTh MaTepHana; b dncienHyo cxoquMocTb BRIOpaHHOl Mojieny; B BeposTHOCTS 0TKa3a; I' TouHOCTh
BCEX IPaHUYHBIX YCIOBUIL.

T12. Ha nonofaHUTENFHON HEMOABIKHON IIAPHUPHOU Orope Oaliku 00s3aTebHO PaBeH HYJIIO

A w3ru6aronuii MOMEHT B JIt000M ceuennu; b yron mosoporta; B nporu6; I' nonepeunas cuna.

Kmroun: T1 —b; T2 —B; T3 —I'; T4 —b; TS —B; T6 — A; T7—B; T8 — b; T9— B; T10 — B; T11 — b; T12 — B.
PacuérHo rpaduyeckue paboThI

B kaxxnom cemectpe npeiararorcs e padoTel. [IncbMeHHBIH pacuéT BHIMOJHAECTCS B PaMKax CaMOCTOATENHHON paboTHI, 3aIIUTa
3aHMMAaeT 5—7 MUHYT COOTBETCTBYIOLIETO MIPAKTUYECKOro 3aHATHs. [Ipu H3MEHEHUU UCXOHBIX YHCell IPEHNOoAaBaTeNb IPeJBapUTEILHO
[epPECUUTHIBACT ITAIOH.

PI'P1. Pactsxenue u kpyueHue

Cemecrtp 3; nexkuuu 3-8; 3amanus K1, K2, K4.

BrimonauTs pacuér no uexoausiM AanuabiM K1, K2 u K4; npeictaButh 3Mmopel, epeMenieHUs 1 BEIOOP OMPEACTISIIOIET0 YCIOBHUS.
CpaBHUTH UCXO/HBIN BaJl C TPyOUYATHIM IIPH TO¥ XKe IUIOIAAU cedeHus, mpunsaB dea/duap=0,6.

PI'P2. TIpouHoCTh Oanku U HAPSKEHHOE COCTOSHHE

Cemectp 3; nexuuu 7, 9—12; 3ananus K5, K6.

ITo K5 npoBeputs Touky o IByM kpurepusiM; o K6 mogobpars BEICOTY IPSIMOYTOJIBHOIO ceueHUs IpU b=40 MM U J0IIycKaeMOM
HopManbHOM HanpsbkeHuu 100 MIla, okpyriiB BBICOTY BBEPX 0 1I€JI0I0 MUJLITUMETPA.

PI'P3. IIpo4HOCTD ¥ KECTKOCTH OAIOUHON CUCTEMBI

Cemectp 4; nekuuu 13—17, 24; 3aganus K7, K9.

Penmte K7 1 K9. [l K7 noctpouts 6anounyro wim 00bEMHYI0 KOHEUHOIIEMEHTHYIO MOJIENb Ha TPEX MOCIEI0BATEIbHO CIyIIaeMbIX
cetkax. CpaBHUTB peaKkUUy U MPOruod; Uit 00BEMHOI MOJIETH OTAEIBEHO OOBSICHUTD BIMSHHE TIONIEPEYHOTO CIABUTA.

PI'P4. CnosxkHoe conpoTUBIIEHHE U YCTOHUUBOCTh

Cemectp 4; nexiuu 18-23; 3ananus K10-K12.

Pemuts K10-K12. [lna K10 mono6pats nuamerp npu tpedyemom 3amace 2,0. st K11 onpenennts MakcUMaabHYIO AIMHY HIEaIbHOTO
CTEp>KHs 1pH 3anace ycrolunsocty 2,0 u 3ananHoii cune 10 xH.

TpebGoBaHus K pe3yNbTaTy: HCXOIHAS CXeMa, JOMYyIIeHNs, YpaBHEHHS ¥ eANHHIBI, PACUET U SIIOPHI, He3aBUCHMast IPOBEPKa,
WHKEHEPHBIH BBIBOJ. J{JIsl BEIMHUCIUTENFHON YaCTH NPHIIAralOTCs HCXOAHBIE TapaMeTPhl MOJISITH U TaOJINIa CpaBHEHHS Pe3YJIbTaTOB.
OpHEHTHPHI IS TPOBEPKH PacyE€THO rpadmIeckux padbot

PI'P1: npu oTHOmIEeHNN nuamerpoB 0,6 U paBHOI! IUIOIAAN HAPYXKHBIM JMaMeTp TpyOuaToro Baja paseH 1,25 nuaMerpa CIIJIOIIHOTO;
HOJISIPHBII MOMEHT MHEPILIMU BO3pacTaet B 2,125 pa3a, yrou 3akpyuuBanus coctasiseT 0,4706 ucxonnoro. PI'P2: TpeGyemas BbicoTa
6anku 86,60 MM, nocie okpyraenus 87 mm. PI'P4: TpeOyemslit quamerp Bana 43,55 MM; MakcUMalIbHAs [UIMHA UEANBLHON CTOHKY OKOJIO
1981 mm.

3ammra 1abopaTopHBIX padoT

OneHuBatoTcs (PaKTHUECKH BBINIOJHEHHbIE SKCIIEPUMEHTHI. OTUET COIEPIKUT CXEMY YCTaHOBKH, CBeIeHHUs 00 00paslie 1 U3MEpUTEIIIX,
HCXO/IHBIC U3MEPEHHUs1, 00pabOTKy, €AMHUIIBI U OLIEHKY NOIPEIIHOCTH, CPAaBHEHUE C MOJIEIIBIO U BBIBOA. I3MepeHHbIe JaHHbIE HE
3aMEHSIOTCSA PacYETHBIMU Oe3 SIBHOTO yKa3aHMs. [Ipy 0TCyTCTBIM yCTaHOBKM Ha3BaHUE U CIIOCOO MPOBEICHHS COOTBETCTBYIOLIEH
paboTHI COTNAcyIoTCsl OTAEIBHO.

. Kaxoe pacuérHoe npeanoaoxeHne mpoBepsieTcst JaHHBIM KCIIEPUMEHTOM ?

. Kaxue BenuunHbI U3MEPEHBI HEMTOCPEACTBEHHO, & KaKHUe MOMyUYeHBl pacyéToM?

. Kak onpenenensl 4yBCTBUTENIBHOCTh U3MEPUTENS U TIOTPELIHOCTH pe3yibraTa?

. Kakue ¢usnueckre npuiuHbl MOTYT OOBSCHUTH PACXOXKIEHHE C pacu€THON MOJENbI0?

TIpumepb! OMITETOB MPOMEKYTOTHOM aTTECTAIIHH
Buner cogepxut qBa TEOpPETUUECKUX BOTIPOCA U OJTHY pacuéTHyIo 3anauy. Pexomenayemoe BpeMss — 60 MUHYT. Y CIIOBHSI U OTIOPHEBIE
OTBETHI TIPUBEJICHBI B 0aHKaX BBIILIE; IOTIOJIHUTEIBbHbBIC OMIETHI (DOPMHUPYIOTCS C COXPAHEHHUEM COITOCTABUMOH CII0)KHOCTH.

buner Cemectp Bonpocsl 3anaua
3.1 3 B1,B3 Kl

32 3 B4,B5 K2

33 3 B7,B8 K4

3.4 3 B9, B10 K5

4.1 4 B13,B14 K7




4.2 4 B15,Bl16 K8
43 4 B17,B19 K9
44 4 B21, B24 K11

Kpurepun onennBanus

IIpennaraemast mKaa NpUMEHsETCs K KaKI0My BUay paboThl oTaenbHo. CBeleHne pe3yIbTaToOB TEKYIEro KOHTPOJIS U IIPOMEKYTOUHON
aTTECTAllMU B UTOTOBYIO OLIEHKY BBINOJIHAETCS 110 JIOKAJIbHOMY HOPSIIKY YHUBEPCUTETA; 00s13aTeIbHbIC BECA U YCIIOBHSA JOIYCKa 3/1€Ch
HE yCTaHaBJIMBAIOTCS.

CpenctBo Bamner  Pacnpenenenue 6amion

Verubiii Bompoc 5 OmnpeneneHus u cMbICI — 1; tonyieHus — 1; KOppeKTHbIE CBsA3U U GopMyJsibl — 2; BeIBOI — 1.

Tect u3 6 3amanuit 6 OuH MpaBUWIBHBIN OTBET — 1; HEBEpHBINM WK MPOITyIeHHBIH — (.

Opna pacuérHas 3amaga 20 Cxema u omymienns — 4; ypaBHEHUSI 1 METOJ — 6; BBIYHCIICHUS U € AMHUALIEI — 6;

MIPOBEPKHU U BHIBOJ — 4.

PTP 30 CxeMa U JlaHHbIe — 4; pacuéTHas MoJelb — 6; BEIYUCIICHUS U SIIOPbI — §; HE3aBUCHMasl IPOBEPKA U aHAIU3 —
6; nHAMBUAYaNIbHAS 3aIIuTa — 6.

JlaGoparophas pabora 20 Cxema U yclioBHs — 3; HCXOJHbIC U3MepeHHs — 5; 00paboTKa U MOTPenHoCTh — 5
COITOCTaBJICHUE C MOJIENIbI0 — 3; 3amuTa — 4.

Buner 40 Kax it Teopetnueckuit Borpoc — a0 10; pacu€rnas 3agaua — g0 20. [{ns Bonpoca: onpenenenus — 2;

JOTyIeHNsT — 2; 00BsICHEHUE CBsA3eH — 4; MH)KEHEPHBIN BHIBOJ — 2.

Jmnst PI'P3 B kareropun «He3aBrucumas mpoBepka u aHamu3» 2 6ajura OTBOJSTCS Ha PaBHOBECHE peaKlnii, 2 — Ha CpaBHEHUE C
AQHAJIUTUYECKUM IPOrHOOM, 2 — Ha CETOYHYIO CXOJMMOCTb M 00BSICHEHHE PACX0XKICHUH. 3HaYeHUe MPoruda CpaBHUBAETCS C
COTJIaCOBaHHOI 6asiouHO# 1100 00BEMHOMN UIeaTn3aIKeii; OHO YHHBEPCAIBHOE JOMYCTHMOE PACX0XKICHHE U Pa3HBIX MO He
3a1aéTcsl.

OTaJIOHBI YUCICHHBIX OTBETOB IIPUBEAEHBI ¢ OKpyrieHueM. [lpu coBnaneHnn Moaenu JomyckaeTcs pacxoxaeHue B npenenax 1% u3-3a
OKPYTJICHUSI; KOPPEKTHBIN aNnbTepHAaTHBHBIHN clI0COO 1 000CHOBaHHAs ITOBBIIIEHHAS TOYHOCTD OLIEHUBAIOTCS OJMHAKOBO. OmmoKa B
€/IMHAIaX OLIEHUBAETCS B YACTH BBIUKCICHHH, a He OOHYJISIET BEPHYIO IOCTaHOBKY. Ecim ommoKa enaet pemenne Apyroi Gu3naeckoi
3aj1aueii, 0aJuIbl 32 COOTBETCTBYIOIINE YPAaBHEHNUS H BHIBOJ HE HAUHCIIIOTCS.

Yposensbuner uz 40 Honsg or MakcuMyMa CoJeprxaTenbHbII OpUEeHTUp

OT1iM4HO 3440 85-100% KoppekTHast Mozesnb, 000CHOBaHHBIIH pacyEéT U CaMOCTOSATENbHBII BBIBO/.
Xopomo28-33  70-menee 85%  OcCHOBHOE pelIeHHE BEPHO; UMEIOTCS OT/EIIbHBIC HETOYHOCTH.

Y 10BIETBOPUTEILHO 2027 50-menee 70%  ITokazaHO IOHMMaHHE OCHOBHBIX CBSI3€H U IOJIyYEHO YACTUYHO
BEpHOE pelICHHE.

HeynosnerBopurensno ~ 0-19  Menee 50% He packpbIThI KITIOUEBBIE CBSA3M JTHOO pacuyéT HEe MOATBEPKIAET

IIOHUMAHHUE MOCIIN.

Ipu ucnons3oBanun GopMara «3a4TEHO / HE 3aUTEHO» MpeyIaraeMslii mopor — 50% makcumyma. OIeHKa 3a TEOPUIO U pacuéT
TIOKa3bIBAETCs pa3/eNbHO; JOCTIKEHHE CYMMapHOTO 1TOpora He 3aMeHsIeT TpeOOBaHHs MPOIEMOHCTPUPOBATH OCHOBHOM METON pacyéTa.
Ecnu B pacuérHoii yacTu Ounera HabpaHo MeHee 10 u3 20 0a/uI0B, MOMOKUTEIbHAS OLIEHKA 10 MIPEATI0KEHHOMY BapHaHTy HE

5.4. IlepeyeHb BHIOB OLCHOYHBIX CPEACTB

Y CTHBIN 0NPOC 10 KOHTPOJIBHBIM BOIIPOCAM.

KopoTkue TemaTHuecKkue TECTHI.

ITuceMeHHbBIE pacuéTHBIE KOHTPOJILHbIE paOOTHL.

PacuérHo-rpaduueckue pabOThI ¢ HHIUBHYaTbHOM 3aIIUTON.

IIpoBepka BEIMUCAUTENBHONW MOJIETH U CONIOCTABIICHHUE C AHATUTUYECKUM PEIICHHEM.
Bunersr npomexyTouHO aTTecTanuy.

OTuéThI 0 1aOOPAaTOPHBIX PabOTaX U UX 3alIUTA.

6. YHEBHO-METOJNYECKOE H HTHOOPMAIIMOHHOE OBECIIEYEHWE JTUCHUIIJIMHBI (MOAY JIS)

6.1. Pexomenayemas iuTeparypa

6.1.1. OcHoBHas1 IUTEepaTypa

ABTOpBI, COCTaBUTENN 3arnaBue WznarenscTBo, rox

JI1.1 | HdapxoB A.B. ConpoTHBIEHHE MAaTEPUAIOB: YIEOHHUK ISl TEXH. BY30B M.: Boiciast mxona 1989

6.1.2. JlononHuTeLHAS JUTEPATypa

ABTOpBI, COCTaBUTENN 3arnaBue WznarenscTBo, rox
JI2.1 |TopmkoB A.I'., TpomuH [ConpoTuBieHHE MaTepHaioB: y4eOHOe mocodue M.: DUSMATJIIUT 2002
B. H., lllamamumnua B.
n.
6.1.3. MeTroaguueckue pa3padoTKu
ABTOpBI, COCTaBUTENN 3arnaBue WznarensctBo, rox
JI3.1 |Kpusomanko C.H. ComnpoTUBIIEHNE MAaTEPHAIIOB: JIEKIIUH, CEMHHAPHI, PAaCIETHO- M.: FOpaiir 2013

rpaduyueckue paboThl: yueOHUK /11t OaKalaBpoB

6.3. Ilepeuenb HH(POPMALMOHHBIX U 00Pa30BaTENbHbBIX TEXHOJIOT Wil

6.3.1 KoMneTeHTHOCTHO-OPHEHTHPOBAHHbIE 00pa3oBaTeIbHbIe TEXHOJIOTUH




6.3.1.1

FreeCAD c paboueii cpenoit FEM — noaroroBka reoMeTpiu, CETKU, YCIIOBUN HAIPY>KEHHS M IPOCMOTP PE3yJIbTATOB MIPOCTOH
mogenu. OdunuanbHelil yueOHbI MaTepuan: https://blog.freecad.org/2025/09/16/getting-started-with-fem/ .




6.3.1.2|CalculiX — KOHEYHORIEMEHTHBIN peIaTes Ul KOHTPOJIBHBIX CTATHYECKUX U TUHAMHUYECKHX pacuéToB. [Ipumensercs
caMOoCTOATENbHO MO0 B corsiacoBaHHOMH cBs3ke ¢ FreeCAD FEM. Odunuanbublii caifT: https://www.calculix.de/ .

6.3.1.3|Python 3 ¢ NumPy, SciPy u Matplotlib — pemieHue cucreM ypaBHEHUi, HHTETPUPOBaHUE, HapaMETPUUECKUE PACUETHI U
noctpoenue 3mop. JJokymenranus: https://docs.python.org/3/ u https://docs.scipy.org/doc/scipy/ .

6.3.1.4|JupyterLab — BocIipoH3BOIMMBIC PACUETHBIC 3AIMUCKH C UCXOIHBIMU JAHHBIMHU, KOJIOM, FpauKaMH ¥ BBIBOJIAMH.
HokymenTanus: https://jupyterlab.readthedocs.io/en/stable/ .

6.3.1.5|code_aster — anbTepHATUBHBIA KOHEYHOIIEMEHTHBIN pEIIaTelb sl yrITyOJIEHHOW POBEPKH MEXaHUYECKUX MOJIEIICH pu
HaJIMYUU NOJrOTOBIEHHOH yueOHOi cpenbl. OdunnanbsHelii calfT: https://code-aster.org/en .

6.3.2 Ilepevyenb nHGOPMALUOHHBIX CIPABOYHBIX CHCTEM U MPOrPaMMHOI0 o0ecneyeHust

6.3.2.1|eLIBRARY.RU — nouck Hay4yHbIX MyOIUKanuil IO IPOYHOCTH, yCTOMUUBOCTH, YCTAIOCTU U 3KCIEPUMEHTAILHON MEXaHHKE.
https://elibrary.ru/ . JIocTyI K IIOJIHBIM TEKCTaM 3aBUCHUT OT YCJIOBHI KOHKPETHOTO pecypca.

6.3.2.2 | KubepJleHnHKa — TIOUCK OTKPBITBIX HAYYHBIX CTATEH M COMOCTABICHUE PUMEHSEMBIX PACYETHBIX MOIXO0I0B. https:/
cyberleninka.ru/ . KauecTBO 1 MpUMEHUMOCTh Ka)KJ0H HalIEHHOHN ITyOJIMKALMU OLICHUBAIOTCS OT/EIBHO.

6.3.2.3|NIST Standard Reference Data — kaTasnor cripaBoYHbIX Ha0OPOB (PU3NUECKUX U MAaTEPUAIOBEAYECKUX JaHHBIX. https:/
www.nist.gov/srd . [l pacuéTra BIOUpaeTCsl KOHKPETHBIM HabOp ¢ MPOBEPKOil MaTepuana, TeMIepaTypsl, METO1a U3MEPEHUS
U eIMHUII; KaTaJoT He 3aMEHsAeT ITacopT KOHKPETHOTO CIIIaBa.

6.3.2.4|CnpaBounas noxymeHnTtarus CalculiX — nocTaHoBKY 33124, 371€MEHTBI, [PAHUYHbIE YCIOBUS U IPOBEPOYHbIE IIPUMEPHI;
JOCTYII uepe3 pasneisl oduipanbHoro caiira https://www.calculix.de/ .

6.3.2.5|MIT OpenCourseWare — OTKpBITEIE Y4eOHBIE MaTepUaIIbI 10 MEXaHUKEe KOHCTPYKLMI B DHEPTeTHYECKUM MeTogaM: https:/
ocw.mit.edu/courses/2-080j-structural-mechanics-fall-2013/pages/lecture-notes/ . Matepuainst kypca 2013 roja UCIONb3yOTCS
Kak (hyHIaMEHTAIbHBIN yUeOHBIH HCTOUHUK

7. MATEPUAJIBHO-TEXHUYECKOE OBECHHEYEHUE JTUCHUIIJIMHBI (MOY JI)

8. METOAUYECKHUE YKA3ZAHUA JJIA OBYYAIOIIIUXCA 11O OCBOEHUIO JUCHUTIVIMHBI (MOY JIsS)

Pabora ¢ JIeKIIMOHHBIM MaTepuaIoM

W3zyuaiiTe Matepuai B opsiake JieKiuid. [lepen HOBOW TeMOi BOCCTAaHOBUTE 0003HAUEHHUSI, IPABUIIA 3HAKOB U (PU3MYECKHE TIPEATIOCHLTKI
npeasiayei. B koHcnekTe i KaXa0i pacu€THOM 3aBUCMMOCTH (DUKCUPYHTE Ha3HAYCHUE, PA3MEPHOCTH U OTPAHUYCHHS
npumeHuMocTH. Paznuyaiite cBoiictBa marepuana E, G, ipenen TeKy4ecTH U XapaKTepUCTHKY cedeHus A, I, W.

ITocne nexuuu OTBETHTE Ha COOTBETCTBYIONMI Bonpoc Bi u Bemonaute CPi. Ecau oTBET cBOAUTCS K BOCIIPOU3BEICHUIO (POPMYIIBL,
JIOIIOJIHUTE €ro 00bACHEHHEM PacyETHOM CXeMbl, (PU3NYECKOT0 CMbICIIA Pe3ybTaTa U YCJIOBUIL, IPH KOTOPBIX (POpMyJa CTAaHOBUTCS
HENPUMEHUMOH.

IlocnenoBarenbHOCTD penIeHNs pacuETHON 3aa4n

. H300pa3ure 00BbEKT B pacYETHYIO CXeMY, TOIUIIUTE pa3Mepbl, Harpy3KH, 3aKpeIuieHus 1 ocH. [lepeBequTe NCXOIHbIE
BEJIMYMHBI B COTTIACOBAHHYIO CUCTEMY €AMHHUII.

M OHpCZlCJ'II/ITC PpCaKlu U BHYTPECHHUC YCUJINA,; BBIACIUTEC YIACTKU, TIOCTPOUTE HCO6XOHI/IM]>IC SIIOPHI U HaﬁﬂMTC OIlaCHBIC
CEUEeHHUS.

. Bri6epure husmyeckue COOTHOIIEHHS U KPUTEPUI IPEAEILHOT0 cocTosiHUS. [IpoBepbTe NPUMEHUMOCTD JIMHEHHOM,
0a104HO}, TOHKOCTEHHO! MM MHON MCIIOJIB3yeMOil Moaeny.

. Brruncnute HanpspkeHHs, IepeMeleHus, KpUTUIECKY 0 Harpy3Ky Wi pecypc. Jis cio’KHOro CONpOTUBIIEHHS COYeTaiTe
KOMIIOHEHTBI B OJTHO U TOH e TOUKe.

. [IpoBepbTe paBHOBECHE, IPAaHUYHBIC YCIOBHS, pa3MEPHOCTH U NpeiesibHbIe ciydan. [1o BO3MOKHOCTH BBIITOJHUTE
HE3aBUCHUMBII pacyéT APYruM CIOCOOOM.

. ComnocTraBbTe Pe3yJIbTaT ¢ MPUHATHIM OIPAHUYEHUEM U CHOPMYIUPYHTE BBIBOJ: ONpPEEIIONIee yCIOBHUEe, BEIUYMHA 3a1aca U
JOIyCTUMOCTb BBIOPAHHOM KOHCTPYKIIHU.

Beinonnenue pacuétHo rpaduyeckux pabor

Pemrenue n0KHO MO3BOJIATH IPYTOMY YEJIOBEKY BOCHIpOM3BeCTH pacuér. [IpuBoauTe mpoMexyTouHbIe BETMYUHbI, 0003HAYCHUS U
€/IMHUIIBI, @ HE TOJILKO UTOTOBbIE YHCIA. DMIOPHI BHIMOIHINTE C MOIIMHUCAMH OCEH, 3HAKOB M XapaKTEPHbIX 3HaUC€HUN. B 371eKTpOHHBIX
TaONUIaX ¥ MporpaMMax COXpaHsIHTe UCXOAHBIE TapaMeTPBl OTIEIBHO OT (POPMYIT; OTMEYANTe HCTOYHHIK CBOHCTB MaTepHaa.

Ha 3amure OyapTe roToBbI OOBACHUTH BEIOOP CXEMBI 1 KDUTEPHS, T0KA3aTh HE3aBUCUMYIO IPOBEPKY U OLEHUTH, KaK PEe3yJbTaT
HU3MCHUTCA NTPU USMCHCHUU OJHOTO I1apaMeTpa. Hcnonp3oBanue MPOrpaMMHOTO PEIICHUS HE OTMEHSCT HCO6XOZII/IMOCTI/I IIOHUMAaTh
MIOCTAaHOBKY ¥ (QM3UUYECKUI CMBICI Pe3yabTaTa.

IToaroroBka M BBIOTHEHHE J1IAOOPATOPHOH pabOTHI

Jlo 3aHATHS U3y4YHTE CXEMY MCIBITAaHUS U MOPAIOK paboThl ¢ ycTaHOBKOW. Harpysky npukiaisiBaiiTe TOIBKO 110 YKa3aHHIO
MperoiaBaTelis M MpaBruiiaM KOHKPETHOH JTab0paTopuu. 3annchiBaiiTe (pakTHUECKHEe pa3Mephl 00pasiia, MOKa3aHHs U eTUHULBI
HEIOCPEACTBEHHO BO BpeMs onbITa. B oTuére oTnensiiTe HCX0JHbIe N3MEPEHHs OT BEIYMCICHHBIX 3HAYCHUH, OLIEHUBANTE ITOTPELIHOCTD
1 0OBACHSITE BO3MOXKHBIE IIPUUMHBI PACXOKAECHUS C TEOPUEH.

Hcnonp30BaHuE BEIYMCIUTEIBHBIX CpeACTB

Haunnaiire ¢ 3amaun, A1 KOTOPOI CYIIECTBYET aHaIMTHUYEeCKOe pemeHre. CHavyaIa NpoBepbhTe eUHHUIBL, 3aKPEIICHHUI U CYMMY
peakuuii; 3aTeM CpaBHUTE MEPEMEIEHNUST 1 HOMHUHAJIbHBIE HANpsDKeHHs. Vcronp3yiiTe HECKOIBKO CETOK M COXPAaHIMTE 3HAYSHHS OTHOM
U TOH e BEIMYMHBI B OJJTHOM U TOM ke MecTe. JIJIsl TOUKHU MPUII0KEHUS UeaTu3MPOBaHHOM CHUIIbI MM OCTPOTo yIjla He IPUHUMAaNTe
aBTOMAaTHYECKU HAHOOJIbILIEE Y3JI0BOE HAPSDKEHUE 33 PACUETHYIO XapaKTEPUCTUKY IIPOUHOCTH.

IIpu anamu3e ycToHYMBOCTH OT/IMYaiiTe COOCTBEHHOE 3HAUEHHE HIEaIbHON MOJEIM OT JJOIYCKaeMOIl Harpy3KH pealbHoOH




HECOBEPIICHHON KOHCTpYKUMH. [Ipy olleHKe yCcTanoCcTH yKa3pIBalTe mapaMeTphl HUKJIA U y)Ke yUTEHHBIE TONpaBKu. [ nuHamMmaeckoit
3a1a4u QUKCUPYHTE MPHHATHIE MacCy, KECTKOCTD, NeMI(GHUPOBaHUE U BU BO3ICHCTBUSL.

IoaroroBka K TEKyIIeMy KOHTPOIIO U aTTECTALHH

IIpoBepbTe cebdst o BompocaM COOTBETCTBYIOIIETO ceMecTpa. Pemure 3a1aun 6€3 MpocMOTpa 3TaJIOHOB, 3aTEM COIIOCTAaBbTE IOCTAHOBKY
U YUCIIeHHbIe 0TBeThl. OMIMOKYU pa3dupaiTe 1o MpUYMHAM: CXeMa, 3HaK, CBOMCTBO MaTepualla, XapaKTepUCTHKA CEYCHUS, eANHUIIA WIN
kpurepuid. [lepen aTTecranueil BEIIOIHUTE OJUH OUIIET C OrpaHH4YeHreM BpeMeHH. Ha oTBeTe cHadana 00bACHUTE MOJETb U X0/
peleHus, 3aTeM MpUBeIUTe (GOPMYIIBI U BBIBOI.




